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An age-based demographic model
examples of application on temperate and tropical corals
& 
1 workshop exercise on growth and population dynamics
model
Stefano Goffredo
Marine Science Group
Alma Mater Studiorum - University of Bologna
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An age-based demographic model
examples of application on temperate and tropical corals
& 
1 workshop exercise on growth and population dynamics
model
Stefano Goffredo
Marine Science Group
Alma Mater Studiorum - University of Bologna
Programma: 
- 13 aprile ore 11-13 teoria
- 20 aprile ore 11-13 teoria
- 22 aprile ore 11-13 teoria
- 27 aprile ore 11-13 teoria
- 11 maggio ore 16-18 esercitazione computer
- 25 maggio ore 16-18 esercitazione computer
- 1 giugno ore 14-18 esercitazione computer
- 8 giugno ore 14-18 esercitazione computer
- valutazione esame scritto
Growth and population dynamics model of the Mediterranean solitary 
coral Balanophyllia europaea (Scleractinia, Dendrophylliidae)
Goffredo S., Mattioli G., Zaccanti F., 2004, Coral Reefs 23: 433-443
Alma Mater Studiorum – University of Bologna
An adult of Balanophyllia europaea photographed in Calafuria (Leghorn, North Western 
Mediterranean Sea), at a depth of 6 m during a night dive
5 mm
Variation in the abundance of Balanophyllia europaea individuals 
according to depth on a rocky reef at Calafuria, eastern Ligurian Sea
Mass length relationship in Balanophyllia europaea at Calafuria 
(Leghorn, North Western Mediterranean Sea)
y = 0.0018x2.537
r2 = 0.865
N = 75
P < 0.01
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Variation in linear growth rate among individuals of the solitary coral 
Balanophyllia europaea at Calafuria (North Western Mediterranean 
Sea). From in situ field measurements of individuals during 2 years
N = 62
y = -0.111x + 2.362
r2 = 0.223
P<0.01
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Variation in linear growth rate among individuals of the solitary coral 
Balanophyllia europaea at Calafuria (North Western Mediterranean 
Sea). From in situ field measurements of individuals during 2 years
Coral length
2 mm
The arrow on the x-axis 
indicates  the coral length 
at which growth rate 
becomes zero; i. e., the 
maximum expected coral 
length in the studied 
population
Von Bertalanffy Growth function (VBGF)
Lt = L∞ (1 – e -Kt)
“Gulland and Holt plot”  method for parameters estimation
K = - slope = - -0.111= 0.111
L∞ = intercept / (-slope) = 2.362 / 0.111 = 21.3 mm
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Annual skeletal growth bands on specimen scanned using CT 
(computed tomography)
Coral length = 7.5 mm
Number of bands = 5
hd = high density band
1 mm
hd
hd
hd
hd
hd
Age determination in 
individuals up to 10 
mm in length is easily
obtained by counting
the skeletal growth
bands
Sagittal section of the polyp
Annual skeletal growth bands on specimen scanned using CT 
(computed tomography)
Coral length = 20.8 mm
Number of bands > 14?
2 mm
Age determination in 
individuals larger than
10 mm in length is
much more difficult to
obtain by counting the 
skeletal growth bands
Sagittal section of the polyp
“Ford-Walford plot”  method for parameters estimation
K = -ln (slope) =  - ln (0.882) = 0.126
L∞ = intercept / (1-slope) = 2.494 / (1-0.882) = 21.1 mm
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Length at age t (mm)
y = 0.882x + 2.494
R2 = 0.957
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Von Bertalanffy Growth function (VBGF)
Lt = L∞ (1 – e -Kt)
N = 7
P < 0.001
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Age-specific growth curve obtained from application of the Von Bertalanffy growth model to linear 
extension rates measured in the field, and comparative data from CT imaging of skeletal bands
Age-Size relationship in the solitary coral Balanophyllia europaea at 
Calafuria (North Western Mediterranean Sea)
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Von Bertalanffy function from field
measurements of growth rates 
Age–length plot from CT analysis of
growth bands 
Von Bertalanffy function from CT
analysis of growth bands
NGBA = 37
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Age-frequency structure and survival curve of the solitary coral 
Balanophyllia europaea at Calafuria (North Western Mediterranean)
N = 1814
Surveyed area = 115 m2 Determination of the rate of mortality (Z)
ln Nt = at + b
Nt = numbers in each age class
t =  age
Z = - a
b =  natural logarithm of the number of 
individuals at age zero (N0)
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y = -0.275x + 6.690
R2 = 0.935
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Age at sexual maturity
50% of individuals are under or 
at the age of sexual maturity (data 
on reproduction are from Goffredo et al. 2004, 
Marine Ecology Progress Series, 229: 83-94 )
Largest individual observed
(19 mm length)
Age classes 
excluded from the 
mortality-rate 
analysis 
N = 13
P < 0.001
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Age-frequency structure and survival curve of the solitary coral 
Balanophyllia europaea at Calafuria (North Western Mediterranean)
N = 1814
Surveyed area = 115 m2
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Mean age of individuals in the population (turnover time) = 1 / Z = 1 / 0.275 = 4 years
Maximum longevity of individuals = 20 years
Survivorship curve for members of 
this population:
Z = 0.275
N0 = e 6.690 = 804.3
Nt = N0e–Zt = 804.3e-0.275t
Beverton and Holt model
cohort yield = individual mass at age t x percent survival at age t
Based on the rates of growth and mortality for a population, the model predicts that a cohort of organisms 
will gain weight until a point (i.e., age/size) is reached where growth gains are overtaken by mortality 
losses. Maximum production by the cohort occurs at the point where losses due to mortality equal gains 
from growth. As the cohort ages and reaches a point of maximum longevity, production declines to zero.
Age (years) Length (mm) Dry skeletal mass (g) Survivorship Yield (g rec.-1)
0 0.0 0.00 1.000 0.000
1 2.2 0.01 0.760 0.011
2 4.2 0.07 0.577 0.040
3 6.0 0.17 0.438 0.075
4 7.6 0.31 0.333 0.104
5 9.1 0.48 0.253 0.122
6 10.3 0.68 0.192 0.130
7 11.5 0.88 0.146 0.129
8 12.5 1.10 0.111 0.122
9 13.4 1.31 0.084 0.111
10 14.3 1.53 0.064 0.098
11 15.0 1.73 0.049 0.084
12 15.7 1.93 0.037 0.071
13 16.3 2.13 0.028 0.060
14 16.8 2.30 0.021 0.049
15 17.3 2.47 0.016 0.040
16 17.7 2.63 0.012 0.032
17 18.1 2.77 0.009 0.026
18 18.4 2.91 0.007 0.021
19 18.7 3.03 0.005 0.016
20 19.0 3.15 0.004 0.013
Point of cohort maximum 
production
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